Categorical biases in the processing of emotional facial expression have been the subject of much debate in the literature. Opposing views on this topic claim either that positive or negative facial expressions enjoy improved processing in the human brain. The developmental changes in the processing advantages of positive and negative facial expressions are also disputed, with studies using varying paradigms showing seemingly contradictory results. Therefore, to further investigate the development of categorical processing and extraction of emotional information from faces, we tested 6-, 9-, and 12-year-old children, as well as adults, on their ability to categorize various facial expressions as positive or negative as quickly as possible. This was a simplified paradigm designed to explicitly contrast the processing efficiency of positive and negative facial expressions on the broader level of those emotional valence categories, rather than specific single emotional expressions. Our results show an early age processing advantage for positive facial expressions, which disappears in adults who show no such differences in the case of response time measures. In the case of accuracy measures, the early advantage for positive facial expressions gradually disappears and is reversed into a negativity advantage in adults. These findings demonstrate that category-based positive and negative processing advantages are strongly modulated by age over the course of development, and can exhibit opposite effects depending on the developmental stage of the participant.
Introduction
The rapid and accurate recognition of emotional facial expressions is a crucial component of social interaction. This is true for both ordinary social interactions among friends and family, and for situations which call for a rapid response in order to ensure one's own survival; such as reading anger in an approaching rival's face, or fear in the face of another person who has detected a source of danger. The initial recognition of facial expressions as belonging to the broad pleasant/positive or unpleasant/negative emotion categories in terms of valence is a very PLOS ONE | https://doi.org/10.1371/journal.pone.0201521 August 3, 2018 1 / 13 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
basic form of processing emotional information from faces, which according to ERP measurements, occurs earlier than the recognition of specific expressions (see [1] for a review). In fact, the ability to recognize specific emotional expressions is thought to originate from an initial sorting of all facial expressions into positive and negative categories, which eventually develops into the fully mature ability to identify individual emotional expressions as children grow up [2, 3] . Developmental changes in the usage of these broad emotion categories and possible advantages for processing emotional information from faces belonging to either category are the focus of much discussion in the literature, with various studies occasionally showing somewhat contradictory results. On the one hand, there are studies showing a bias favoring the processing of positive facial expressions in children and adults, particularly when it comes to the identification or labeling of specific emotions expressed in the faces (e.g., De Sonneville et al., 2002) [4] . On the other hand, when children and adults were asked only to detect the presence of a particular facial expression (rather than to identify expressions from a number of possible choices), negative faces showed a detection advantage across all age groups [5] . It was therefore our goal in the present study to further examine possible developmental changes in processing advantages linked to the positive and negative emotion categories of facial expressions with a focus on the explicit usage of those categories. Therefore, we chose a task which only required a broad positive/negative emotional categorization of facial expressions, rather than identifying or detecting specific emotional expressions. Using this task, we investigated the speed and accuracy of categorizing different facial expressions as positive or negative in 6, 9, and 12-year old children compared to adults. The role played by positive and negative emotional categories in the perception of facial expressions has also been extensively studied in adults with mixed, sometimes contradictory results. Some researchers have found that negative facial expressions enjoy improved processing over positive ones [6] [7] [8] [9] [10] [11] . However, other researchers have shown results which demonstrate that it is positive (i.e. happy) faces which enjoy superior processing [12] [13] [14] [15] [16] [17] , and the truth of the matter has yet to be fully resolved.
Despite the enormous amount of attention paid to this matter in adulthood, the question of how the processing advantages associated with these broad emotion categories might shift over the course of development has not been studied as extensively thus far beyond infancy. Infant studies have shown that during the first year of life, infants undergo significant shifts in their attentional biases. Studies have shown newborns, 4-month-olds, and even 6-month-olds preferring to look at happy faces [18, 19] , after which point they begin to show attentional preferences towards negative faces between the ages of 5 and 8 months, with the exact time point of this transition remaining a matter of some debate (see [20] for a review). For instance, a study by Heck and colleagues [21] showed that while at 3.5 months infants did not display significant differences in looking preference towards either happy or fearful faces versus a checkerboard, 5-month-old infants showed a greater preference for looking at fearful faces as compared to happy faces. In another study [22] , 5-month-old infants did not show looking preferences between happy and fearful faces, while infants tested at 7 months showed a preference for fearful faces.
Developmental studies which examined the processing of positive and negative emotional faces in older children have also shown some disagreements in their findings. Although these studies concentrated on testing the perception and processing of individual emotions rather than whole categories, there can be said to be a prevalence of results showing a bias favoring the perception of positive faces, particularly when it comes to the identification or labeling of specific emotional expressions. For instance, De Sonneville and colleagues (2002) [4] showed photos of happy, sad, angry, and afraid faces to children ranging from 7 to 10 years of age, as well as adults, and found that all subjects were faster and more accurate at identifying pairs of faces as showing the same emotion when that emotion was happiness compared to all the other emotions. The authors of another study [23] showed happy, sad, angry, afraid, and disgusted faces to 5-, 7-, and 10-year-old children and adults at varying intensities, and found that happy faces allowed for the best performance even at lower intensities, especially in the youngest children. In another study [24] , the authors presented children ranging from 5 to 17 years of age and adults with photos of happy, sad, angry, afraid, disgusted and surprised faces with varying levels of visual noise, and children showed the best performance (lower signal strength threshold for correct identification) with happy faces. Mancini, Agnoli, Baldaro, Bitti, & Surcinelli (2013) [25] , investigated the changes in accuracy for the emotional identification of happy, sad, angry, afraid and disgusted faces by children ranging from 8 to 11 years of age, and found the highest accuracy for identifying happy faces. Thus, tasks requiring the specific identification of emotional facial expressions seem to be prone to showing an advantage for identifying positive faces. This advantage for identifying positive faces over negative faces in children could be caused by an inherent advantage of identifying positive expressions due to the natural structure of this face category: There is less ambiguity in identifying positive emotions when the only such primary expression is happiness, in contrast to the greater variety of primary negative emotions, i.e. sadness, anger, fear, and disgust [26] .
However, when LoBue (2009) [5] presented 5-year-old children and adults with a task which required only the detection of a particular facial expression rather than its identification, a bias favoring the detection of negative faces was observed in both 5-year-old children and adults. Fearful, angry, and sad faces were detected faster compared to happy ones in a series of experiments where subjects needed to find the target emotion from an array which also contained the opposite valence distractor (e.g. finding a happy face from an array with 1 happy face and 8 angry distractor faces). Thus, tasks requiring the detection of a specific emotional face from an array of distractors seem to show better detection of negative faces in children as well as adults [5] . This advantage for detecting negative over positive facial expressions could be explained by a higher visual sensitivity towards threat-relevant stimuli and/or inherent differences in the visual saliency of negative and positive expressions which might not necessarily be reflected in efficiency of processing the emotional information they contain (see also Vaish, Grossman, & Woodward (2008) [20] for an overview on the negativity bias).
Thus, when it comes to the question of the development of children's ability to process different facial expressions, the results are somewhat mixed, which might at least to some degree depend on whether participants are required to retrieve specific emotion labels, and how directly the broad positive and negative emotion categories are utilized in the experimental task. In other words, it would seem that happy faces enjoy processing advantages when subjects are asked to identify the specific emotion on display, while various negative expressions such as fear or anger enjoy processing advantages when the task at hand instead requires the detection of the task relevant face, a conclusion also reached by Nummenmaa and Calvo (2015) [27] in a review of the topic. It was therefore the aim of the present study to examine the development of the proposed processing advantage of positive or negative emotional expressions using a task which would require the explicit positive/negative categorization of facial expressions, rather than the identification or detection of specific emotional facial expressions. Such a basic task of sorting facial expressions into a positive or negative category allowed us to directly assess the processing of the broad positive and negative categories of facial expressions. We accomplished this by asking children and adults to categorize different emotional expressions as positive or negative as quickly as possible. This task had the advantages of being simple enough that even the youngest children in our study could understand it as well as any adult, and would not require the retrieval of specific emotion labels while still requiring participants to process the emotional information contained in the faces.
The only study we are aware of which used a similar methodology was that of Tottenham, Phuong, Flannery, Gabard-Durnam, & Goff (2013) [28] . This study was, however, focused on the categorization of emotionally ambiguous stimuli such as surprised and neutral faces, which, from their own results are not truly perceived as neutral in terms of emotional valance. Instead, their results show that neutral and surprised faces are more often perceived as negative, especially by younger children. For this reason, we chose to avoid using neutral and surprised faces in the present study, and showed only clearly positive (different types of happy and happy-surprised) and clearly negative emotional expressions (angry, fearful, sad). We also avoided the use of disgusted faces since prior research shows that children under the age of 9 (which we intended to examine in the present study), are not yet able to properly understand disgusted expressions [29, 30] . Using this approach, we tried to balance our selection of facial expressions as evenly as possible across the positive and negative categories, in order to ensure that children and adults would not be biased by the overall proportions of positive and negative faces.
In our study, we tested children from three age groups (6-, 9-, and 12-years-old) as well as adults. We chose these age groups because they reflect the typical bounds of starting primary school where children undergo a period of intense socialization, and the transition to adolescence at which point children begin to strongly resemble adults in their face-processing capabilities [24] . These groups also fit the age range from 5 to 12 years old, during which children show significant improvements in the processing of emotional facial expressions [24] and emotion words [31] [32] [33] . The group of adult participants additionally allowed us to compare the developmental course of emotion-categorization proficiency in childhood to the ability of adults in the same task.
Materials and methods

Participants
For our study we tested 82 children and 24 adults. The children were organized in 3 age groups (6-, 9-, and 12-year old) while the adults made up our 4th age group. The children were either recruited through a contact database at the University of Giessen, or through primary schools in the cities of Giessen and Marburg in the German state of Hessen. All children performed two pre-tests before experimental data-collection to verify normal development: A German vocabulary test, "Wortschatz-und Wortfindungstest" (WWT 6-10) [34] , and a non-verbal pattern-matching intelligence test, Raven's Colored Progressive Matrices (CPM). Of the 82 child participants tested in total, 10 were excluded due to abnormally low scores on the pretests, leaving 72 participants (24 per age group, with half being female) whose data was analyzed in the present study. All children were German-born, native German speakers, and of Caucasian background.
The adult group consisted of 24 Caucasian undergraduate students (12 females) from the faculty of Psychology and Sports Science at the University of Giessen, and were recruited through a university mailing list.
Stimuli
The stimuli used for the present study comprised of 48 color photographs of 8 adult Caucasian models (4 male, and 4 female, all having some theatrical experience) producing 24 positive and 24 negative facial expressions. All photographs were taken from the database of the Pell laboratory at McGill University [35] , and were verified to be recognizable as their intended expression by an emotion-identification survey conducted at the Pell lab. This survey offered 8 choices of emotions per facial expression, and the results indicated a high average correct recognition rate of 90.8% for the faces chosen as stimuli in the present study.
Each model appeared in 6 of the photographs used in our experiment (3 positive and 3 negative). The 24 positive photographs comprised of 12 happy faces with a closed mouth, 5 happy faces with a slightly opened mouth, and 7 happy-surprised faces with a widely opened mouth (see Fig 1 for an example of a happy-surprised face). The 24 negative photographs comprised of 6 angry faces, 6 fearful faces, and 12 sad faces.
This selection of facial expressions for the positive and negative emotion categories was a result of striving to make sure that each category is composed of a variety of expressions, in order to truly represent a category of positive and negative emotional expressions, rather than merely contrasting happy faces against the negative expressions. We also balanced the two categories in terms of mean arousal and valence using ratings by adult subjects in a previous study [36] using a 7-point SAM valence scale [37] , and a 5-point SAM arousal scale [37] . This meant that the arousal across the categories was approximately equal, and that the positive category mean should be as positive as the negative category is negative, i.e. that the mean valence values of the two categories are be equidistant from the value corresponding to a neutral valence. Thus, by ensuring that on the one hand our positive and negative face categories each contained a variety of expressions, while on the other hand still maintaining parity in terms of the overall average arousal and valence, we aimed to focus the study on the categories themselves, rather than the individual emotions contained within.
Apparatus and procedure
The present study was conducted in accordance to the German Psychological Society (DGPs) Research Ethics Guidelines. The Office of Research Ethics at the University of Giessen approved the experimental procedure and the informed consent protocol. Written informed consents were obtained from the children's parents prior to their participation in the study.
Children in the 6-year-old and 9-year-old groups were tested in two sessions, with the first session used to conduct the WWT and CPM as pre-tests, followed by the experimental data collection in the second testing session. Children in the 12-year-old group went through the pre-tests and the experiments in a single session. Adults only performed the experiment itself, also in a single testing session.
During the experiment, participants first performed a practice block of 12 trials where they classified 6 positive and 6 negative African and Asian faces as either positive or negative emotionally. If a participant made no more than a single error out of the 12 trials, the main experimental block would begin. If a participant made more than one error during the practice, the practice block would repeat for a second time, before proceeding to the experimental block regardless of error rate (this was the case for 4 6-year-olds, 4 9-year-olds, 5 12-year-olds, and 3 adults.). The experimental block consisted of 48 trials where each of the 48 facial stimuli described above appeared once, in a randomized order, and participants were asked to classify them as positive or negative as rapidly as possible. Each trial began with the appearance of a facial stimulus, which would remain on the screen until the participant pressed one of two designated buttons to indicate their classification choice, at which time the photograph would disappear, and the screen would remain black for 1000 milliseconds before the start of the next trial.
Responses were made using the two mouse buttons on a laptop with a 15.6 inch screen using OpenSesame 2.9 [38] for stimulus presentation control. The laptop keyboard was covered with a removable stencil, leaving only the task-relevant buttons available to press. The stencil also had a stylized symbol next to each of the buttons, corresponding to the button's assigned classification choice: A raincloud for negative, and a sun for positive category selection. Whether each button corresponded to a positive or a negative classification was assigned randomly, and the experimenter would begin each testing session by affixing the stencil with the right symbol orientation to the keyboard.
Upon completing the testing sessions, each child participant in the 6-and 9-year-old age groups received a choice of a small toy as a present (for a total of 2 presents over the course of the experiment), while the 12-year old children were offered either a choice of 2 presents at once, or a single cinema voucher at the end of their single session. The adult participants received either course-credit or 5 Euros as a reward for their participation, selected by each participant individually.
Results
Accuracy
Accuracy measures on a per-trial basis were analyzed with a two-way ANOVA, using the stimulus emotion-category as a within-subject factor, and age-group as a between-subjects factor.
The analysis detected a significant effect of age (F(3,4600) = 3.919, p = .008, partial η 2 =
.003), and a significant interaction between age and emotion-category (F(3,4600) = 3.223, p = .022, partial η 2 = .002). While older age groups generally showed a higher degree of accuracy overall, pair-wise post-hoc tests carried out on the interaction of age and emotion-category revealed that while the 9-and 12-year-old groups did not show significantly different accuracy rates between positive and negative faces (p = .678 and p = .580, respectively), 6-year old children displayed significantly higher accuracy for positive faces (p = .038, Cohen's d = 0.113), while adults showed significantly higher accuracy for negative faces (p = .027, Cohen's d = 0.128) (see the means and standard errors in Fig 2) .
Response time
An ANOVA analysis was also carried out on the response time measures of correct key-presses on a per-trial basis. As above, emotion category was used as a within-subject factor, and agegroup as a between-subjects factor. For this analysis we eliminated any outlier responses below 100ms or above 2 standard deviations over the mean response time (calculated individually for each participant). The analysis showed significant main effects of age (F(3,4164) = 475.39, p < .001, partial η 2 = .255), and emotion-category (F(1,4164) = 53.175, p < .001, partial η 2 = .013), as well as a significant interaction between these two factors (F(3,4164) = 3.128, p = .025, partial η 2 = .002).
The main effect of age manifested itself as a gradual decrease in response time with increasing age, with a post-hoc Tuckey's HSD test showing differences between all age groups to be significant (p < .001, Cohen's d = 0.788 for the difference between 6-year-olds and 9-year olds; p < .001, Cohen's d = 0.797 for the difference between 12-year-olds and adults) with the exception of the difference between the 9-and 12-year-old age groups (p = .459), showing a plateau in development between these two stages.
The main effect of emotion-category showed an overall faster response speed for positive faces relative to negative ones. Post-hoc comparisons between these two categories within each age group were carried out to examine the interaction between age and emotion-category, and showed the difference between positive and negative faces to be significant in all the children's age groups (p < .001, Cohen's d = 0.246; p = .001, Cohen's d = 0.240; and p < .001, Cohen's d = 0.258 for the 6, 9, and 12 year old groups, respectively). However, the adults showed no significant difference between positive and negative faces (p = .194) (see means and standard errors in Fig 3) .
Discussion
In the present study we investigated the development of biases in the processing of positive and negative emotional expressions on the level of the broader positive and negative emotional categories, rather than the specific emotion contained within. We therefore used a task which explicitly required children and adults to respond to our stimuli on the level of those categories, and didn't require the retrieval of specific emotion labels, or the detection of specific emotional expressions.
Our results show that in terms of response speed, children initially show a "positivity bias", correctly categorizing positive faces faster than negative ones. However, this advantage erodes with age until no significant differences can be observed between the categorization speed of positive and negative faces in the adult age group. This result fits the findings of two earlier studies which found that children perceive positive faces as more arousing than adults, while negative faces are perceived very similarly in this regard [36, 39] . This could at least partially account for the faster categorization of positive faces by children, as arousal is known to modulate visual attention, and potentially processing speed [40, 41] . These results also corroborate the positivity advantage found in children's face processing by some researchers [4, [23] [24] [25] , while disagreeing with the "negativity bias" found in children by others [5] . Our results regarding response speed also agree with those of another study [42] , which examined valence categorization with stimuli from another modality, namely, the categorization of emotion words in children and adults. The results of this study showed that positive emotion words also enjoyed a processing speed advantage over negative emotion words, but only up to the age of 6 years, after which point the difference in the speed of accurately categorizing emotion words as positive or negative was no longer significant.
In terms of accuracy, our findings demonstrated opposite effects of valence-category depending on the age group examined. The youngest age group of 6-year-old children displayed a positivity advantage in their accuracy, more accurately categorizing positive faces than negative faces, i.e. more often incorrectly pressing the positive response button for negative faces than vice versa. Meanwhile, the oldest age group of adults displayed the opposite effect of a negativity advantage, more accurately categorizing negative faces than positive faces, i.e. more often incorrectly pressing the negative response button for positive faces than vice versa. The age groups of 9-and 12-year-old children did not themselves display any significant differences in categorization accuracy between positive and negative facial expressions, but they did show a gradual transition from the positivity bias of the 6-year-old children to the negativity bias of the adult age group. Thus, the accuracy of processing the broad categories of positive and negative emotional expressions changed from an advantage for processing positive emotional expressions in young children to an advantage for processing negative emotional expressions in adults.
We therefore see that even simple emotion categorization is highly influenced by age. Looking at both our response time and accuracy measures, we see an overall tendency towards a positivity biases at an early age, which disappears with increasing age. However, while the increased speed of correctly categorizing positive faces relative to negative ones in children could at least to some degree be explained by the increased perceived arousal of positive faces for children as compared to adults, the same cannot be easily said for the results of the accuracy measures. This raises the question of why young children tend to make more errors when categorizing negative faces, while adults make more errors when categorizing positive faces? Although the absolute magnitude of these differences was relatively low, the fact that they appeared even in such an easy task makes it interesting to examine the cause of this developmental reversal of response biases.
Such a tendency could be explained in terms of the societal conditions and social-emotional needs of children as compared to adults, i.e. the social relevance of the facial expressions in question. While the traditional argument of those who support the view of negative emotion processing advantages is that negative emotions carry more survival-relevant information [7, [43] [44] [45] [46] [47] , we speculate that this might be most applicable to situations encountered by adults, as they would have a great physical capacity to respond to potential threats individualistically compared to children. Conversely, children might benefit more from seeking the protection of an adult, which may be facilitated by the positivity bias we found in the younger age groups.
This age-dependent shift in the relative importance of processing positive versus negative stimuli is also reflected in changes that occur as adults age. Several studies have shown that when compared to younger adults (in their mid-20's), older adults (over 50 years of age) display positivity biases just as the younger children do in our own study. For instance, [48] found that while younger adults did not show any differences between positive and negative faces, older adults were able to respond faster to positive faces as well as being able to more accurately recall them afterward. A separate study [17] found that older adults showed accuracy deficits compared to younger adults in identifying negative, but not positive faces. Thus, we can see that younger adults, who are best able to effectively act on negative information through their high capacity for physical action tend to show the so-called negativity bias. On the other hand, age groups with a lower capacity for physical action such as children and older adults tend to display a positivity bias. This fits the argument of evolutionary relevance, as older adults and children may be better off seeking the protection and help of others rather than confronting dangerous situations independently [36, 39] .
Conclusions
Our results regarding the sorting of facial expressions into the broad categories of positive and negative emotions generally show an early positivity bias that gradually disappears with increasing age. Response time data indicate an equalization of processing for positive and negative faces by the stage of adulthood, while accuracy data show a reversal of the early positivity bias into a negativity bias in adults. These results demonstrate that both positivity and negativity biases undergo gradual shifts over the course of development. These shifts might occur as a result of changes in the social-emotional relevance of the information carried by facial expressions, or as a function of a person's exposure to various facial expressions (or quite possibly some combination of both).
Limitations
Our study was limited by the omission of age ranges which cover the later stages of adolescence, which could be highly interesting as adolescents undergo a number of shifts in their societal roles and interactions at that stage of development. Likewise, we also did not examine the possible effects of age-related decline in emotion categorization by studying older adults. The experiment was also limited in the usage of adult faces as stimuli, and given our hypothesis that social relevance might play an important role in forming categorical processing biases, it would be very interesting to see how participants, especially children respond to children's faces which can carry very different social implications to children and adults. Finally, it would be useful to conduct future studies with a greater number of models posing for stimuli to increase the generalizability of the results.
